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PROCEDE ET INSTALLATION DE FORAGE ET DE CHEMISACE D»UN 
PUTTS, NOTAMMENT D*UN PUTTS DE FORAGE PETROLIER, AU 
MOYEN DB TRONgONS TUBULAIRES ABOUTES INITLALEMENT 
SOUFLES, ET DURCIS IN SITU 

U prfsente inveotioo cooceroc un p«>c6de pour forer et chemiser unpuits. 
pomnmeni no ptdts de forage pefroKer, an moycn d'un ensemble de troncoQS tubulaires 

- ou pttTormes - riauTaires, imtalemeni souples, aptes I tec replMes toogHudi n a j ement 
eur dlo-mtoo pour fere IntroAatct dans it poitj, puis a toe devices ratfaleraem toes 

5 reflet d'uae pnessiou interne pour prendre uoe forme cylindrique. et enfio a toe 
rigidiftees |p situ par polymerisation de leur paroi, i*encombrement transversal d'uae 
preTorme repUce tout de dimension maximale sensiUement infdrieuie a too diametre 
intone a l*oai d£pti£» et lesdites pctTonnes posseldant one portion d'extremitf doot le 
diametre - apres depliement - est legeremcat supericur a celui de la preTorme, ce qui 

10 permet leur jonctioo bout-a-bout par embtftanent, avee recouvrement de ladite portion 
d'exttevite. 

Ainsi, en rccourant a ce type de preTonne, qui est connue en soi 

- potammcal par le document WOA-94/21887 - il est possible d'obtenir un chcan i sage 
d'un diametre constant surtoute la tongues du putts. 

15 Acet cgard, U connect de rappeler qu'avec des chemisages (ou tubals) 

traditionncU coustitues par des tubes en acier. on est oblige d'utiliser des troncons 
tulwiaifes lc1eax»ptinjes v a 

des problemcs ^installation et d'eomtdtatiou uiteriewe du puts. 

L'objectif de 1 •invention est de proposer un procexte de forage et de 
20 chemssage du puits, a Vudc de jxtTormo du type meationn^ ci-dessus, qui puisse toe 
nusen oeuvie de manietesim|te« 

Poor cela, et conform* merit a llnventioo. on commence par mcttre en 

place un premier tronc^ducW 
troncpne^sirttC3Mrnee vers k las. 
25 Uproc6d6aek»riaTO^ 

a) an fait passer axialemcnt. de haut en bos. k travers ledit troocoo, un 
outil de forage, et on fore au~dessous et dans te protoogemect de ce troncon un troude 
forme et de prof ondeur adapteea pour recevoi r le troncon suivant ; 

b) on redre I'oatfl de forage ; 

30 c) on introduit une preTonne, k Petal rerJie\ a 1'interieur du junta en la 

fiisant traverser le troncon dejien place, et on la positionne coovecablemcnt k I'inteneur 
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du nou, a* portion d'eitrtmit* haute venanl *t placer a rinteneur de U portion dex- 
tremite* elargie du troops* ; 

d) on introduit ua ctmcnt fluidc au food du trou, autour de la portion 
d 'extremis basse de la preTonne ; 
5 e )oo introduit un fluide sous pression, de densit* supcneure 4 la density 

du ctment, a rinkirieur de la preTonne afin de la depticr radialeinent, ntogressivementdc 
bat en haul, en refoulaat le dment, egalement de bas en haul, autour de la preTonne. 
contre b paioi du trau ; 

0 tout en mautfenant la preform* sous pression interne, on en chanfle la 

10 paroipourbpoiymeiiaer; 

f) le dment ayant pris, et la preTormc ayant duret poor coostituer un 
troncon tubulaire ri gkfe de dwnisage, on redit axialement let outiilage* ayant servi sn 
gonflageetaUpd>TOensanonde 

b) on nStere I 'operation pour lea troncoot auivanu, jusqu'a obteair U 
15 loo«twdepiiiUchemis6»3uhailee, 

Loraque, comme cela sera expuque* plus loin, la preTormc presente dea 
reserves de reane aptea a migrer vers rexterieur pour former dea venous mimulaircs 
d'6anchfiie\lepositioti^^ 

De maniere parucuttercmc* avsntageuse, on utilise un outil de forafe du 

20 genretrejsnxapteacco^ 

premier etat d'cnconibrement ouniaal, lui permcttsnt de passer a IMnienear du trongon 
de>« place, uo»eco*ic^d>n^ 

priocipale du trouet un troisteme eua\ d'encombrenient maximal t pour le forafe de la 

part e dutiouc^ nee a recevoirU portion 
25 Daiaunnwdecfc realisation^ 

a la polyinensation de U preTorrne, aids qu'a la distribution du dment, comprend une lete 

a double valve pUcee en partie basset 

nin* c> gonluu^ a I'inleiieur on 

L'i nstmllation de forage et de chemiaage, qui fait egatement panic de la 
30 prtsentemretttlon, servant kUoiiae en oe^ 

qu'dkconipre«l,enteiedepuits: 

- une bobtne de stockage et de reception, i I'etat enroule, de ladite 

preTonne; 

-unetete surpiombant l'entree du puits, apte a pcrmettxe le guida** et 
35 rintroduction, dans le puits, de U preTonne et det differenti caiullagea servant au forage 
du puis ainsi qu'au gonflage et a la pdyinenaaaoadela preTorrne; 
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• des bobinea dc tlockage i I 'e^at enroule* dc tubes mettllique* clastique- 
incntdeTcnnableaapwa^ 

dc ccs tuba con tenant uo dWc servant a Pali mentation de la preTonne ea courant 
electrique; 

5 . un generateurde courant electrique. 

D'autres caracteiistiquea et avantages de IHnvenuon apparaltront de la 
deacriptiott et des detains annexes qui en represented, a simple litre d'exonpies no© 
limi tariff un mode de miae en oeuvre preTcre*, sins que 1 installation correapoodaoie. 
Surceadesaitts: 

10 - les figurca 1 a 4 aont des vues schematique*, ea coupe axiale. raontram 

let differences Stapes de 1'operation de forage de la pnrtie de puts qui doit recevoir la 
preTonne ; 

-UfigureS est we vue schemata 
eUeestsotidaire, avant raise en place, dans le puits ; 
IS - les figures 6 et 7 sort des vues partieUes de i'extremite' basse de la 

preTonne, destinies a illustrer le principe de la double valve dont cat pourvue U tele 
d'cutillage; 

- les figures 8 a 15 Mustrtot les difTerentes etapes de mise en place d'onc 
r^ocrocauboutd'untroc^d^jiaipUoc; 

20 - la fijure 16 reprtsente schemauo^jement, en coupe axiale, tin puits 

chemist par was trooooca coaxiauK abouka ; 

- la figure 17 est une vue schematiquc montraat les rfifTetents maienels 
consntuofsde V installation, situes en surface (tetede puits) ; 

- les figures 18130-aecnelleplus pctile - iiiustrent k fencuormement de 
25 rinstallaUon au coua des differentes etapei dn cboru«ge. 

La figure 1 reprfsente reAtremite* basse d'un puits vertical en cours dc 
forage et da choniaage. O pui ts, irranpteternent fote\ comporte un chernisage deja en 
pl a ce sous forme d'un tube cyiindrique rigid* 2 presentant une portion d'eactrfmiie* basse 
20e1aTgle. 

30 lxdUmetreDo^cetteparUe20«tlegez^ 

d de la panic prindpele 2. si bien qu'il est possible d'embotter les uns dans les autrea des 
tronoons 2, avec lecouvrernent des parties d'cxtrtinite* 20. 
Letroocoode chernisage 

que 200. 

35 Nous allOQS maintenant decrire de quelle maniere va ttre mis en place, a 

Taide du proc6de* de r invention, le troocon sut vant, destine' a etre aboute* au trooooo Z 
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PburceU.commei!lusrt tux figures 1 k 4. on commence par forer on 
rou destined reoevoirce tronoon. 

A cet elTet on utilise un outil de forage 1, du genre trepan, qui a la 
particularity de pouvoir etre re" trade on dilate* radialement, dans trois tuts d'eocora- 
5 branetf different*. 

Dans un premier tot. illustrfa la figure 1, routil est rAncst* au maximum 
de idle maniere que sa plus grande dimension tnmsversale autorise son libra passage a 
rinterieur du troop* 2. axialemenl a travers cehn-ci 

Dam cet 6at, son cncombcement est done plus petit que dL 
10 De maniere coonue. Tootil de forage 1 est fixe** rextremit* d'une tige 

mbnlaiie 10, qui parte le moceur d 'eatn^ncment (noa icft€ma£) de routil en rotation, et 
les organes assurant son denotement ou sa contraction mfiak. 

Comme on le vena plus torn, la tige 10 est montee a rextremite* d'nn tube 
me'tailique apte k etre enrouie* sur un tambour recepceur dispose en surface, en tete de 
15 puits. 

Dansun second totde deptoement raffia), Ulustrf a La figure 2, tapartie 
coopante 12 de routil possede un diametre de travail seosibtememegil ID. 

L'outil ayant 6ti descendu axialigTient dans le puils, a travers le nobage 2 
deja en place, on provoque ce deploiement radial au diametre D loraqutl est arrive^ a 
20 rtateiiewde la portion elar^ 

varUsad^scenrecomniefflus^ 1* 

On realise amsi le forage d*un trou cylindnque au diametre D, coaxial au 
trooccc 2, dans le proktujemcnt de ceta*ci, dans le sol S. 

U profoodew de forage correspond k la longueur du troocpn que I 'on 

25 souhaiternettre en place. 

L'outil 1 possede des organes dc coupe additiooneis tl qui peuvent etre 
deploy** radialemeot k un diametre suptneur * D. afin de pouvoir recevoir la portion 
6Urg»e du tronoon i rnettre eo place 

C-omme illustrt a ta figure 3, par rcmontee de l'outil seion P a . oo realise 
30 timi bp flflrgiTT""*** ^ fur une certaine hauteur. 

A U figure 4 « a design^ par U feTerer^ 
du trou 3, par la reference 31 la j»ioi<lesa portion elargketpw 
basse du trou, dont le diametre D est le m&rx que celui de U partie 30. 
l^pieTonne4represer^ 
35 general que cdle decrite en derail dans le WaA-94/21887deja cite. 
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Keanmoins, die est depourvue dans sa parte base d*un organe ofcurateur 
gooflable, du f ah qu'on a afTaire auntrou borgne ; de pi as , U prtTorme 4 possMe une 
portion d'extremite* basse 40 de section clargie. 

La preTorme 4 est supportee par une age tobulairc 5 en acier. enroulabte 
5 sur un tambour de stockage situ*" en surface, el qui permet de la faire descendre a 
riateVieur du pules, et de hii fournir lea fltrides de dmenuuiou et de gooflage, aiasi que 
I'energic eUectrique poor la polymerisation de la preTorme, par Hatenne<Siaire d'wi 
dispcaitifdeiacwdeaseglSM 
UprtTonneetieiaccordaateopart^ 
10 Ce type detiaed'aderearonlable est cc«rscuxjemde^giA dam metier 

par le termc aagUJi "COILED TUBING" - en abreg* X.T: 

Gommc cdacst dfcrit dans le Wf>A -94ai887de^dte\UpreTormeest 
obojrfc a aea extremites bauie et basse, de manierc toncfae, par des m a n chons axracna- 
bias et/ou decounanlca en fin d'operatkm. 
15 Ulfte distributrice 51 possede use double valve 52. 53. actionnabk 

selecu vernent (depcia la surface). 

Comme iUustre* aux figures 6 et 7, la valve 52 permet de disthbuer un 
fluide de gonllage a l'uueneur de U'preYorme (fUches I), tancbs que la yaivc 53 permet de 
dismlnicr un dment nwa^ 
20 Comme iHustrt* I la figure 8, la preTorme 4 • qui se trouve initial ememt a 

V6ti& radiaiement reptie* - est descendue dans le trou 3 axialement, du haut vers le bas, a 
travera le troncon de chembage 2 dejaco place. 

Bien entendu, pour que ccci soil possibly il est ndcessaire que rencon^ 
bieincnt transversal deupitTorm^ 
25 depiice,qui<»n€Spori^ 

Lorsquc la prtforrne esl repWc iw dj^-mtae, die prtsente une section en 
"IT on en forme d'escargot - comme illnstri par example aux figures 6A et 63, 
reapecn vecoent du document WO-A-94/256S5 ; lorsqu'dJe est depliee die pcescnte une 

section drcuhrire. 
30 Urrfora»4estpoamonnccdaM^^ 

d'extremiuf plus large 40 se trouve en regard de l'clargissementde put* 31 ; la longueur 
du trou 3 est de^erminfe pour que, dans cede position, la portion supencurt de la 
pttTc<mese trouve en regari^ 

On precede alcn a Injection d'tm^ 
35 prtTormc. via la valve 53 (Cliches J, figure 9). 

Le cunent est cfaoisi pour avoir une densite* voisine - voire legerement 
aupeneure - de cdle de U boue Uquide 7 se trouvant dans le puits. 
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L'amvee de ament I U base de la prfforme chassc done ccttc boue ver* le 

butt 

Comme illustre* a la figure 10. on procede ensuite au gonfUgc dc la 
preTorme. co tnjectant un flmde sous pression ft rinterieur dc celle-ci. vU la valve 52 
5 (flechesl). 

n s'agit soil d'un liqukfc introduit de l'exteneur (depuu la tte de puits) 
parte conduit 5 dins U preTorme, soitd'un liquide (eau, bone ou p&rde) present daas le 
polls ct pompe* dan la preTorme. 

Le liquide de gonflage est avantageusement choia pour avoir une densite* 
10 le^erematfsuperieuieacd 

gonflage va ae fait* progreoivemeat du bas vera le haut. comme symbolise' par lea 
Heches Gala figure ia 

A deTaut, la progresskx) du gonflage du bas vers le haul peul toe contrfllee 
en prt voyant. le long de la preTorme. une serie de bagucs de contention f Tangibles, dont 
15 le aeuUderapoins est adapt* Ice sens de progression. 

Le cimens est par consequent refoule* Cgalcment de bas en hautcontre U 
paroi du putts, comme gymbolise' par la Heche H. tandis que la bouc 7 se trouve chassee 
vers le haul 

De prtTdrence le volume de ciment peripherique n'est pas suiTisant pour 
20 atteindreUpHrtic haute ^ liaison ««» ciment dans 

la 2jone dejonction cntre les portions dVxtrimit* dei deux troncons 2 et 4 (voir figure 
II). 

1> pitf errmce. U prtf orme 4 posa^ 
chaud, prise en sandwich entre une pean ioterieure ct une peau cxterieure elastiques. et 
25 munie, cole* tnteneur, d'une reserve contenant de U reanc apte a migrer vera l'cxtencur 
pour former des bounetets annulaires favorisant I'ancrage ct I •Aancheite' du tubage contre 
la paroi du puits. 

Une preTonne de cc genre est dfcrite dans la demande dc brevet francais 
04 06691 depoacc le 7 juillei 1994 par la dernanderesse, et dans son extension iiiterna- 
30 ikwdePCT/FR95«X»Q2. 

Ces vcrrous aimulaires, reparus tout ie long de la preTorme aont reTerences 
9 ; de preTerence il est prcvu une densite* plus grande de verrous (e'est-a-dire un 
eorteiijenf plus faible en^ 

maniere a assurer une bonne fcancbeite* dans la liaison bout-a-bout des diffdrenU 
35 troncons. 

Le chaufTage et la polymensation de la preTonne rent realises une fois le 
gonilage terming U preasiim de g^ 
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A litre ioolcaiif>prasjoniitfcnie est ucTordrede 15 bin. 

Lc chaulTage de U preT onnc pcut sc fair* soic en introduisant ua fluide 
ctoai 1 1 'jnterieur da la prtfonne, sat par reaction chirniauc cxooWmique, soil encore * 
dc prtT^rence - par efTet Joule, ao moyen de resistances c~lcctriquea (fill chauffanto) 
5 diipoaecj dans la pert* dc Is preYcrme ou k proximity de celle-ci. ci sJiraeniees en couranl 
aedriqoedepub laitede pats, vuUlige- "Coiled TUbfas--S 

A tint IndfcanT. la temperature acccssaire a la pdymensatioii est de 1 'ordre 
de UOa 140^ctUduiecdecc<tc&apcest^ 

Lofsque La polymerisation des venous 9 et de la paroi de preYorme est 
10 terming et que learned 6 a fast npamiCigan IZhcatt^Vo^m^S^SCKSl 
(OedbeK. figure 13). 

On installe alors un outil de coupe (501) a rextremite* du tube 5, et oo 
decoupc le nuochon deuuKfcelt* de I'exttefnJt* haute de la preTormc (polymerisee) 4' 
(figure 14), qu'on arracbe ensuibe. On opere de la meme manierc pour le mancboa 
15 irfeneur. 

On obtient alors un tronfon de cbemisage rigide 4' qui proionge coaxiale- 
ment le tubage rxeccVfcut 2 (voir figure 15). 
-n L'opentkm qui vieat d'etre deoitt est bien sOr rfiuWe, treason apres 

troocorw afin d'obwiir U profoodcur dc puiu eternise* souhsitfc 
20 Dsu un mode de realisation pebble dc U preTorme, ccUc-ci a uoe Imc 

compose* a 30% de resine epoxy et a 70% de fibres de vcrre, cetie fane ayant une 
epateeur de Pordre de 14mn ; lea peaux inteneure et exteneure, en caoutchouc 
syntbAic^oat respecdveni^ 

A titre tndicatif, la portiori priodpale de la preTorme 4 passed^ a l'dtai 
25 deptie\ un dtactetieintcneur de Pordrede 140mm d un diametre exterieur de rordrc de 
184mm. tandis que la portion elargic 40 possede un diametre tnterieur de rordrc de 
188mm et un diametre exterieur de Ponfre de 236inm. 

Ijes portions 30-32 et 31 du puils out dee diametres nwyeasc< rordrede 
197mm et de 244,5mm, respect i vernent 
30 i^lons^tsescSfTel^ 

simple titre indicattf , la longueur d*une preTorroe pcut fare de 1 'ordre de 500m. 

La figure 16 lepresente un puils F chemise* per un ensemble de trois 
troncoos 2A. 2B et 2C aboutes et cimentes. 

La figure 17 represcnie sche^r^quement une installation de tfte dc puits 
35 qui permet de mcttrc co ocuvre le proceVie selon I 'inveoaoa 

Sur cette figure, la tetc dc puits. reTerezuee 55. est equipec d'une structure 
metallique (chassis) 100 entnurarU la tele de puits. 
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Cdtc structure 100 porteuniojecteur 101 pourvu d'un sabot d'appui 102, 
et servant k supporter et k pousser les different* matdridJkJnqu'iUsoiadcsceodusdans 
!c puts ou retire de ceiui-ci ; die x trouve k I 'aplomb dc I'entice du puits. 

On a design* par la inference 54 un tambour dc stockade »ur toque! est 
5 enrotticeUprcTonnc;e^ 

UrtT&tnce540de»gacuntabot^ 
k ('entree do puits. 

Us itferenoei 56 ct 57 designed 
et stock* respecti want Us tubes ^T. w (CoikdTubi«i) 560 et5. 
10 Lb tube 560 sen s supporter et k depiscer Touttl de forage ; le tube 5 

(comme dejk cltj serf k supporter Is prtTorme, k amcner les flutdet dc gonllage et de 
timcalation k U pref orme, et k la connecter k une founx dc courant elcctrique (pour U 

potymensauoo). 

t'elcctnctt est fournie par un generUeur electrique 58. 
!5 f^r^rcaoeSOdea^uwcftbinedecoatroleder 

De marriere dassique, Pentree du puits k forer est initiatoment garaie d'un 

cuvrlagc 550. 

Le trepan 1 est adapts k I 'extremis du tube 560, iequd est deroule du 
tambour rdceptew 56, support et guide* par k sabot 102. puis pousse* par rinjecteur 101 

20 (voir figure 18), 

On piocMe alors au forage du trou. dc forme etigec 3, destine' k reoevoir 

le premier troops (figure 19), 

Aprts miK en pUce dc la preTocme, riiaentatian ct mise an rood, et enfin 
polymeiisntic* inj&c^ 
25 ooietirekcooduitttOiraH 

54 (vide) sur taquelk ctait imtialemenl stockee la preY orroe (figure 20). 

La preTonse se trouvc aboufitie, de rnasi fere Itancne, an cuveiage 550. 
On deTait ensuile les connexions hydraulique et dectrique avec la 
prtfonne, on installs et on scelle de manierc etaoche autour dc la tete du puits un 
30 apptretOagede secant* ad-hoc A, ceci par une technique convcntoonacUc (figure 21). 

A 1'aide de Poutil de coupe 501, port* par te tube 5. on decoupe les 
manchons d'ftaocherte' bant et has (figure 22). 

L'^tape nnvaate coosUte k forer la section suivante. pour obteoir un trou 
etag* 3 pcoioogeant le uoocon 2 (figure 23). 
35 Ensoi tc, on calibre les diametrcs et on veriile 1 'aiignement du troncoo 2 et 

du trou 3. k I 'aide d'un instrument appropric* 1000 (figure 24). 

On met en place une nouvdle preTorme (figure 25). 
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On la fait descendre dm le puics, et oo la potitioune oonveoablencatdnis 
le tnxi 3. Oo U connecte au tube 5, d on precede au gonflage, a la rimealatioa, el 4 la 
polymerisation (figure 26). 

On retire le conduit central 50. qu'an rcmonte et qn'on enroule sur le 
tambour rcccpteur 54 (figures 27 et 28). 

On suspend rootil de coupe 501 au tube 5. c« on le descend pour de^cwper 
les manchons d'extremite* (figttie 29). 

On obtient ainsi <fcu* tronfoni rigidcs about** 2A, 2B (figure 30). 
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1. Prcx^pourfortf ctchcmiserunpuits. nc<ainmcnt un puits cWoragc 
pltroiier, an movca d'ua ensemble dc tionqons tubulaircs - on preTormes - eiinilairca, 
imtialement sounlea, aptes a toe repliees longjtudinaleineut sur elles-mtaes pour toe 
introduiies dans le puiis* puts a etre dcpliees radialement sous Pellet d'une prcastoo 
5 interne pour prendre one forme cytindrique, et enfin a ton ri gidifiecs in rim par polymeri- 
sation dc leur parol, PeucoiBbrement transversal d'une preTonne repute extant dc 
dimension nuurimalc seasibkncai uferieure a son diametre intern a 1'etat deptte\ et 
lesditea preTormes (4) poaa&tat one portion d'extrcmite* (40) dont le diametre - apres 
deptiement - est Utfrrmax saperieur a oriui du reste dc La preTorme, ce qui permet leur 
10 joncticc bout-a-bout pax cmbotteracni avee rccouvrcmcnt do laditc portion d'extremit* 
(40), caractense* pax ic fait que, un premier troocoa (2) ayani e*te mis eo place du cote* dc 
r entree du purit*. sa portion dextfCraite* elargie (40) tournec vers le baa, 

a) on fait passer axialement, dc haul en bas a travers Icdit troncpn (2). un 
outil do forage ( 1), et on fore au^kssous et dans le prolongcxnent de ce troncpn (2) on 

15 trou (3) dc forme c< de profoodeutr adaptec* pour recevoir !e troocon suivant ; 

b) on retire Toutil de forage ( 1) ; 

c) on introdnit una preTonne (4). a L'e*at repiic\ arinteneur du poits en la 
faiaant traverser le troocoo (2) deja en place, et on la positionne cooveoaWement a 
Pinteneur du trou (3), sa portion dVxtremite* haute venant se placer a rinterteur dc la 

20 portic©d'e«rfmitfS fiargw (40) dutan^on (2) ; 

d) on inuoduit us ciment fluide (6) au food du trou (3). autour de la 
portion d^xtremite' basse de la preTonne ; 

e) on introduit un fluide sous pressioo (8). de densite* superieure a la 
dcnsiiC du ciment (6), a Tinteneur de la preTonne (4) afin de la dejrtier radialement, 

25 pfog^viancaldebaserihaut, en refc^ilaiU le ciment, gideroci^ de baa en baut, autoor 
dc la prtTorroe, contre la paroi du trou (3) ; 

0 loutennuintcnant la preTonne sous pressioo interne, on en chanfTe la 
paroi pcwlapolymeriser ; 

g) |e ciment event pria, et la preTonne ayaat dura pour consumer un 
30 troofai tubulaire rigkte de cfaemisage (4*). on retire axialement lea outillagcs ayaat aervi 

au gonflage et a la polymerisation de U preTof^ 

h) on reitere r operation pour lea troncons sui vents, jtnqu'a obtcnir la 
longueur de puits chemise* souhaitee. 

2 • PioceVie* adon revendtcaUon 1, caractense* par le fait qe'oo utilise un 
35 outil de forage (l)dugeerc Ircpiivaptea 
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radiale, a savosr un premier tot d'eocombctment minimal, lui pennettant de passer k 
rinterieur du troofon (2) deja en place, un second d'encombrement intcrmAlialre, 
pour k forage de la partie princtpaje (30) du trou (3)ctun troisieme 6m, d'enoorabecment 
maximal, pour Kc forage de la parte (3 1) du irou 0) dcrinfe a raccvoir U portion Oargie 

5 detapreTorme(4). 

3 . Proc&fc rnlon U reve«fcc*noo 1 ou 2, caractensc' par Ke fait que ledit 
outrage oomprend une \ttc (51)1 double valve (52. S3) ptaccc en partie basse de U 
pi*Tc<me(4).ctapceadistrio^ 
prtforme (4) et on rimed fluxae (7) a rexteneur de ceflcHX 

10 4. Installation de forage etdeefcetgisage. destineeaUmlsecnoenvTedu 

prooW srtoo l*wr des rr vfmti >> > i n n * I * 3, «wrfriiA» pw i*> fait qq'eUe oompreod. en 
tfeedupuitt: 

- une bobine (54) de stockage et de reception, k V6 tat emoule, de ladite 

pttfonne(4); 

15 . une tfcte (101) surplombant Peutree (55) du puits, apic a pennenre !e 

guidage et l*imroduction dans le puita de la preTonne (4) et des different* ouullages 
s er v ant an forage da puiti ainsi qu'aa gonflage et a U polymerisation de la prffonne : 

- des bobines (56, 57) de stockage a Petal enrouW de tubes mtolliquea 
clastiquctnent deTonnables (560, 5) spies nfaire descendrcct temonter lesdits outUlages 

20 dans le puits. Pun (5) de ces tubes con tenant un dote servant a I'aliroentation de la 
preTonne en coorant clcctriquc ; 

- un gencrilcurde courant electrique (59), 
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54. PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, PARTICULARLY OIL 
WELL DRILLING, BY MEANS OF INITIALLY FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND 
HARDENED IN SITU. 



57. According to the invention, the lining of the well 
is accomplished by means of several preforms (4) 
coaxially abutted, which are initially flexible and 
folded back on themselves in order to have radially 
smalt overall dimensions which allow them to 
descend through the section (2) already in place; 
the preforms have a widened lower end which 
allows them to be nested with overlapping of the 

preforms; a preform is sealed in a hole made in [diagram] 
advance, through the section already in place, this 
sealing process using a cement (6) which is 
inserted in the base of the preform; by the 
subsequent insertion of a fluid under pressure 
inside the preform, the cement is forced from 
bottom to top against the wall of the hole, after 
which the preform is polymerized to harden it. 
Lining for oil wells. 
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1 

PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, 
PARTICULARLY OIL WELL DRILLING, BY MEANS OF INITIALLY 
FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND HARDENED IN SITU . 

The present invention concerns a process for drilling and lining a well, 
particularly oil well drilling, by means of a set of tubular sections — or preforms — that are similar, 
initially flexible, suitable for being folded longitudinally back on themselves in order to be 
inserted into the well, then radially unfolded under the effect of an internal pressure in order to 
5 take a cylindrical shape, and finally to be hardened in situ by polymerization of their walls, the 
maximum dimension of the overall transverse dimensions of a folded preform being substantially 
less at its inside diameter when unfolded, and said preforms having an end portion the diameter of 
which — after unfolding — is slightly greater than that of the preform, which makes it possible for 
them to be joined end-to-end by nesting, with overlapping of said end portion. 
10 Thus, by using this type of preform, which is known, particularly through 

document WO-A-94/21887, a lining can be obtained with constant diameter for the whole length 
of the well. 

In this regard, it should be remembered that with traditional linings (or well 
casings) composed of steel pipe, telescopic tubular sections have to be used, with diameter 
15 decreasing toward the bottom of the well, which poses problems of installation and subsequent 
operation of the well. 

The objective of the invention is to propose a process of drilling and lining the 
well, using preforms of the type mentioned above, which process can be implemented easily and 
quickly, at low cost. 

20 To accomplish this, and according to the invention, a first section is put in place 

at the well head, the enlarged end portion of this section being turned downward. 

The process according to the invention includes the following steps: 

a) a drill tool is passed axially downward through said section, and a hole is 
bored with a shape and depth suitable for receiving the next section, beneath and as an extension 

25 of this section; 

b) the drill tool is removed; 

c) a preform, in folded form, is inserted inside the well, causing it to pass through 
the section already in place, and it is suitably positioned inside the hole, its top end being placed 
inside the enlarged end of the section; 
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d) a fluid cement is introduced at the bottom of the hole, around the lower end of 

the preform; 

e) a fluid with a density greater than the density of the cement is introduced 
under pressure, inside the preform in order to open it out radially, progressively from bottom to 

5 top, by forcing the cement, also from bottom to top, around the preform, against the wall of the 
hole; 

f) while keeping the preform under internal pressure, the wall thereof is heated to 

polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
10 tubular section of lining, the tools that were used for inflation and polymerization of the preform, 

as well as the distribution of the cement, are withdrawn; 

h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 

When, as will be explained further on, the preform has resin reserves that can 
15 migrate toward the exterior to form ring-shaped seal interlocks; these interlocks are put in 
position at the beginning of step f) above. 

In one particularly advantageous way, a drill bit is used that can selectively have 
three conditions of radial contraction, the first condition being of minimal size, allowing it to pass 
through the interior of the section already in place, a second condition of intermediate size for 
20 drilling the main part of the hole, and a third condition of maximum size for drilling the part of 
the hole intended to receive the enlarged portion of the preform. 

In one preferred embodiment, the tool used to inflate and polymerize the 
preform, as well as to distribute the cement, comprises a head with a double valve placed at the 
lower part of the preform, and suitable for selectively distributing an inflating fluid inside the 
25 preform and a fluid cement outside it. 

The drilling and lining installation, which is also a part of the present invention 
and is used to implement this process, is notable in that it comprises, at the well head: 

- a spool for storing and receiving the preform, in coiled form; 

- a head that hangs over the entry to the well, suitable for allowing the preform 
30 and the various tools for drilling, as well as for the inflation and polymerization of the preform, to 

be guided and inserted into the well; 
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- spools for storing elastically deformable metal pipe in coiled form, suitable for 
lowering and raising said tools in the well, with one of these pipes containing a wire used to 
provide the preform with electrical current; 

- an electric current generator. 

5 Other characteristics and advantages of the invention will appear from the 

description and appended drawings which represent, by way of non-limiting example, one 
preferred embodiment, as well as the corresponding installation. 
In these drawings: 

- figures 1 to 4 are diagrammatic views, in axial cross section, showing the 
10 various stages of the drilling operation in the part of the well that receives the preform; 

- figure 5 is a diagrammatic view of a preform and of the tooling to which it is 
attached, before being placed in the well; 

- figures 6 and 7 are partial view of the lower end of the preform, intended to 
illustrate the principle of the double valve with which the tool head is fitted; 

15 - figures 8 to 15 illustrate the different steps to install a preform at the end of a 

section already in place; 

- figure 16 diagrammatically represents, in axial cross section, a well lined with 
three coaxially abutted sections; 

- figure 17 is a diagrammatical view showing the different materials that 
20 comprise the installation, located at the surface (well head); 

- figures 18 to 30 — on a smaller scale — illustrate the operation of the installation 
during the different steps of the lining process. 

Figure 1 represents the lower end of a vertical well being bored and lined. This 
well, incompletely drilled, has a lining already in place in the form of a rigid cylindrical pipe 2 
25 having one enlarged lower end 20. 

The diameter D of this part 20 is slightly larger than the diameter d of the main 
part 2, so the sections 2 can be nested together with overlapping of the end parts 20. 

The lining section 2 is sealed in the well by a peripheral cement 200. 
We shall now describe how the next section, intended to abut the section 2, will 
30 be installed with the aid of the process according to the invention. 
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To do this, as illustrated in figures 1 to 4, a hole intended to receive this section is 

drilled. 

For this purpose, a drill bit 1 is used, which has the special feature of being able 
to be radially expanded or retracted in three configurations of different overall dimensions. 
5 In a first condition, illustrated in figure 1, the tool is fully retracted so that its 

largest transversal dimension allows it to pass freely inside the section 2. 

In this condition, its overall dimension is therefore smaller than D. 

In a known way, the drilling tool 1 is attached to the end of a tubular shank 10, 
which carries the motor (not shown) to drive the tool in rotation, and the components that provide 
10 for its radial deployment or contraction. 

As will be seen further on, the shank 10 is mounted on the end of a metal tube 
suitable for being coiled onto a receiving drum placed on the surface at the well head. 

In a second condition of radial deployment, illustrated in figure 2, the cutting part 
12 of the tool has a working diameter substantially equal to D. 
15 When the tool has been axially lowered into the well through the casing 2 already 

in place, it is radially deployed to the diameter D when it reaches the inside of the enlarged 
portion 20. The tool is then caused to rotate while continuing its descent as illustrated by the 
arrow F t in figure 1 . 

A cylindrical hole with the diameter D, coaxial to the section 2, is thus drilled in 

20 the ground S. 

The drilling depth corresponds to the length of the section to be installed. 

The tool 1 has additional cutting devices 1 1 that can be radially deployed to a 
diameter greater than D, in order to be able to receive the enlarged portion of the section the be 
put in place. 

25 As illustrated in figure 3, by raising the tool in the direction F 2 , the hole 3 is 

enlarged for a certain distance. 

In figure 4, reference 30 designates the wall of the main part of the hole 3, 

reference 31 the wall of the expanded portion, and reference 32 the bottom of the hole the 

diameter D of which is the same as that of 30. 
30 The preform 4, represented diagrammatically in figure 5, is of the same general 

type described in detail in WO-A-94/21887 cited above. 
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However, because this is a blind hole, the preform has no inflatable plug at its 
bottom; moreover, the preform 4 has a lower end 40 with expanded cross section. 

The preform 4 is supported by steel tubing 5 that can be coiled onto a storage 
drum located at the surface, which makes it possible to lower the preform into the well and to 
5 supply the cementation and inflation fluids, as well as the electrical energy for the polymerization 
of the preform, by means of a connection device 500 connected to a central conduit (axial) 50 
arranged inside the preform and connecting at the bottom thereof to a distribution head 5 1 . 

This type of steel tubing which can be formed into coils is currently known in the 
art by the English term "COILED TUBING," abbreviated "C.T." 
10 Like the one cited in WO-A-94/21887 already cited, the preform is plugged and 

sealed at its upper and lower ends by sleeves that can be torn off or cut off at the end of the 
operation. 

The distribution head 51 has a double valve 52, 53 that can be selectively 
activated (from the surface). 
15 As illustrated in figures 6 and 7, the valve 52 allows an inflation fluid to be 

distributed inside the preform (arrows I), while the valve 53 allows a fluid cement to be 
distributed at the base of the preform, outside of it (arrows J). 

As illustrated in figure 8, the preform 4 — which is initially radially folded — is 
lowered axially into the hole 3, from top to bottom, through the section of lining 2 already in 
20 place. 

For this to be possible, of course, the transverse size of the folded preform must 
be smaller than the inside diameter of the unfolded preform, which corresponds to that of the 
casing 2 already in place 

When the preform is folded onto itself, it has a U-shaped or spiral cross section, 
25 as illustrated for example in figures 6A and 6B, respectively, of document WO-A-94/25655; 
when it is unfolded, it has a circular cross section. 

The preform 4 is positioned in the hole 3 so that its larger end 40 is facing the 
enlarged portion 31 of the well; the length of the hole 3 is determined so that, in this position, the 
upper portion of the preform is facing the widened part 20 of the casing already in place. 
30 A dose of liquid cement 6 is then injected at the base of the preform through the 

valve 53 (arrows J, figure 9). 

The cement is selected to have a density close to — even slightly greater than — 
that of the liquid mud 7 found in the well. 
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When this cement arrives at the base of the preform, it forces the mud toward the 

top. 

As illustrated in figure 10, the preform is then inflated by injecting a fluid under 
pressure into it, through the valve 52 (arrows I). 
5 This can be either a liquid introduced from the outside (from the well head) 

through the conduit 5 in the preform, or a liquid (water, mud or oil) already present in the well 
and pumped into the preform. 

The inflating liquid is advantageously selected to have a density slightly greater 
than that of the cement and mud surrounding the preform, so that the inflation occurs 
10 progressively from the bottom toward the top, as symbolized by the arrows H in figure 10. 

If not, the progress of the inflation from bottom to top can be controlled by 
providing a series of frangible containing rings that have a breaking point suitable for this 
direction of progression. 

The cement is therefore also forced from bottom to top against the wall of the 
15 well, as symbolized by the arrow H, while the mud 7 is forced upward. 

Preferably, there is not enough volume of peripheral cement to reach the top of 
the preform, in order to ensure a bonding without cement at the area of juncture between the end 
portions of the two sections 2 and 4 (see figure 1 1). 

Preferably, preform 4 has a resin wall that can be heat polymerized sandwiched 
20 between elastic internal and external skins, and provided, on the inner side, with a reserve 
containing resin that can migrate toward the outside to form ring-shaped flanges that help to 
anchor and seal the casing against the wall of the well. 

A preform of this type is described in the French patent application 94 08691, 
filed by the applicant on July 7, 1994, and in its international extension PCT/FR 95/00902. 
25 These ring-shaped interlocks, distributed along the preform, are referenced as 9. 

Preferably, the interlocks are higher in density (i.e., smaller separation between the interlocks) at 
the upper and lower ends of the preform, in order to ensure a good seal in the end-to-end 
connection of the different sections. 

The heating and polymerization of the preform are done once the inflation is 
30 completed, the inflation pressure being maintained inside the preform. 
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By way of example, the internal pressure is approximately 15 bars. 

The preform can be heated by introducing a hot fluid inside it, or by exothermal 
chemical reaction, or preferably by induction, using electrical resistances (heating elements) 
arranged in the wall of the preform or in the proximity thereof, and supplied with electrical 
5 current from the well head via the coiled tubing 5. 

By way of example, the temperature needed for polymerization is approximately 
1 10° to 140°C, and the length of this stage is approximately six to eight hours. 

When the polymerization of the interlocks 9 and the preform wall is completed, 
and the cement 6 has set (figure 12), the tools 500, 50, 51 (arrow K, figure 13), are removed. 
10 A cutting tool (501) is then installed at the end of the tubing 5, and the sealing 

sleeve at the upper end of the preform (polymerized) 4 : (figure 14), is cut off and removed. The 
lower sleeve is removed in the same way. 

A section of lining 4' is thus obtained, which coaxially extends the preceding 
casing 2 (see figure 15). 

15 The operation that has just been described is of course repeated, section after 

section, in order to obtain the desired depth of lined well. 

In one possible embodiment of the preform, it has a core composed of 30% 
epoxy resin and 70% fiberglass, this core having a thickness of about 14 mm; the internal and 
external skin of synthetic rubber have a thickness of about 2 mm and 6 mm, respectively. 
20 By way of example, the main portion of the preform 4 has, when unfolded, an 

inside diameter of about 140 mm and an outside diameter of about 184 mm, while the expanded 
portion 40 has an inside diameter of about 188 mm and an outside diameter of about 236 mm. 

The portions 30-32 and 31 of the well have average diameters of about 197 mm 
and 244.5 mm, respectively. 
25 The length of the different sections can obviously vary greatly; by way of 

example only, the length of a preform can be approximately 500 m. 

Figure 1 6 represents a well P lined with an assembly of three sections 2A S 2B 
and 2C, abutted and cemented. 

Figure 17 diagrammatically represents a well head installation that allows the 
30 process according to the invention to be implemented. 

In this figure, the wellhead, reference 55, is equipped with a metal structure 
(frame) 1 00 surrounding the well head. 
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This structure 100 carries an injector 101 furnished with a drag brake 102, used 
to hold and push the different materials when they are lowered into the well or pulled out of it; it 
is in line with the entry to the well. 

The reference 54 designates a storage drum on which the preform is coiled; it is 
5 mounted on a tramcar. 

The reference 540 designates a support and guide plate for the preform at the 

entry to the well. 

The references 56 and 57 designate drums on which the CT. (coiled tubing) 560 
and 5 are coiled and stored, respectively. 
10 The tubing 560 is used to hold and move the drill tool; the tubing 5 (as already 

mentioned) holds the preform, feeds the inflating and cementing fluids to the preform, and 
connects it to a source of electrical current (for the polymerization). 

The electricity is furnished by an electric generator 58. 
The reference 59 designates a control cabin for the operation. 
15 The entry to the well to be drilled is initially furnished in the conventional way 

with a casing 550. 

The drill bit 1 is fitted to the end of the tubing 560, which is uncoiled from the 
receiving drum 56, supported and guided by the plate 102, then pushed by the injector 101 (see 
figure 18). 

20 Drilling then proceeds to the multistage hole 3, which is to receive the first 

section (figure 19). 

After the preform is put in place, cemented and inflated, and when it has been 
polymerized in situ via an electrical conductor 580 connected to the generator 58, the central 
conduit (50) and the tubing 5 to which it is attached are removed, coiling it onto the drum 54 
25 (empty) on which the preform was initially stored (figure 20). 

The preform is abutted against and sealed to the casing 550. 

The hydraulic and electrical connections to the preform are then disconnected, 
and an appropriate safety device A is installed and sealed around the well head by a conventional 
technique (figure 21). 

30 Using a cutting tool 501 carried by the tubing 5, the top and bottom sealing 

sleeves are cut off (figure 22). 

The next step consists of drilling the next section to obtain a multistage hole 3 
extending the section 2 (figure 23). 
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Next, the diameters are measured and the alignment of the section 2 and the hole 
3 are verified using an appropriate instrument 1000 (figure 24). 

A new preform is then put in place (figure 25). 

It is lowered into the well and suitably positioned in the hole 3. It is then 
connected to the tubing 5, after which it is inflated, cemented and polymerized (figure 26). 

The central conduit 50 is removed by raising and coiling it onto the receiving 

drum 54 (figures 27 and 28). 

The cutting tool 501 is suspended from the tubing 5 and lowered to cut the end 

sleeves (figure 29). 

Two rigid, abutted sections 2A, 2B are thus obtained (figure 30). 
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CLAIMS 

1. Process for drilling and lining a well, particularly oil well drilling, by means 
of a set of tubular sections— or preforms — that are similar, initially flexible, suitable for being 
folded longitudinally back on themselves in order to be inserted into the well, then radially 
unfolded under the effect of an internal pressure in order to take a cylindrical shape, and finally to 
5 be hardened in situ by polymerization of their walls, the maximum dimension of the overall 
transverse dimensions of a folded preform being substantially less at its inside diameter when 
unfolded, and said preforms (4) having an end portion (40) the diameter of which — after 
unfolding — is slightly greater than that of the preform, which makes it possible for them to be 
joined end-to-end by nesting, with overlapping of said end portion (40), characterized by the fact 

10 that a first section (2) having been put in place from the entry of the well, its enlarged end portion 
(40) turned downward, 

a) a drill tool (1) is passed axially downward through said section (2), and a hole 
(3) is bored with a shape and depth suitable for receiving the next section, beneath and as an 
extension of this section (2); 

15 b) the drill tool (1) is removed; 

c) a preform (4), in folded form, is inserted inside the well, causing it to pass 
through the section (2) already in place, and it is suitably positioned inside the hole (3), its top 
end being placed inside the enlarged end (40) of the section (2); 

d) a fluid cement (6) is introduced at the bottom of the hole (3), around the lower 

20 end of the preform; 

e) a fluid (8) with a density greater than the density of the cement (6) is 
introduced under pressure, inside the preform (4) in order to open it out radially, progressively 
from bottom to top, by forcing the cement, also from bottom to top, around the preform, against 
the wall of the hole (3); 

25 f) while keeping the preform under internal pressure, the wall thereof is heated 

to polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
tubular section of lining (4'), the tools that were used for inflation and polymerization of the 
preform, as well as the distribution of the cement, are withdrawn; 
30 h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 
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2. Process according to claim I, characterized by the fact that a drill bit (1) is 
used that can selectively have three conditions of radial contraction, the first condition being of 
minimal size, allowing it to pass through the interior of the section (2) already in place, a second 
condition of intermediate size for drilling the main part (30) of the hole (3), and a third condition 

5 of maximal size for drilling the part (31) of the hole (3) intended to receive the enlarged portion 
of the preform (4). 

3. Process according to claim 1 or 2, characterized by the fact that said tool 
comprises a head (51) with a double valve (52, 53) placed at the lower part of the preform (4), 
and suitable for selectively distributing an inflating fluid (8) inside the preform (4) and a fluid 

10 cement (7) [sic] outside it. 

4. Drilling and lining installation, used to implement the process according to 
any of claims 1 to 3, characterized by the fact that it comprises, at the well head: 

- a spool (54) for storing and receiving the said preform (4), in coiled form; 

- a head (101) that hangs over the entry (55) to the well, suitable for allowing the 
1 5 preform (4) and the various tools for drilling, as well as for the inflation and polymerization of the 

preform, to be guided and inserted into the well; 

- spools (56, 57) for storing elastically deformable metal pipe in coiled form 
(560, 5), suitable for lowering and raising said tools in the well, with one (5) of these pipes 
containing a wire used to provide the preform with electrical current; 

20 - an electric current generator (59). 
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Patent 2 741 907 from French to English. 



Kim Stewart 

TransPerfect Translations, Inc. 
3600 One Houston Center 
1221 McKinney 
Houston, TX 77010 



Sworn to before me this 
9th day of October 2001. 

Signature, Notary Public 




OFFICIAL SEAL 
MARIA A. SERNA 
NOTARY PUBLIC 
... cu.e ro/ ttw Stats of Texas 

My oon.n^sion evptrsa 03-22-2003 



3 



Stamp, Notary Public 
Harris County 
Houston, TX 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 
COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 
LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 





